Abstract -Cell stiffness is closely related to human health and diseases. Measuring the mechanical property of individual cells may help us to understand the mechanism of diseases at cell level and provide new methods for disease diagnosis and personalized treatment. In this paper, the poly-l-lysine was used to immobilize Burkitt's lymphoma (BL) cells onto the glass substrate for being imaged in fluid by atomic force microscopy (AFM). In nearphysiological environment, with the use of AFM, the high resolution morphology image of BL cells was obtained and the mechanical property of BL cells was measured. The detailed processes of the sample preparation and computing the Young's modulus of BL cells from force curves were presented. The experimental result indicated that the Young's modulus of BL cells fixed by glutaraldehyde was about 1MPa. These results may provide useful knowledge for understanding the mechanism of lymphoma and the application of AFM to cancer diagnosis.
INTRODUCTION
Burkitt's lymphoma (BL) was firstly described in 1958 [1] ,which is a highly aggressive lymphoma, accounting for 1-2%of lymphoma in adults and up to 40% of lymphoma in child [2] .There are three different clinical variants of BL: endemic, sporadic and immunodeficiency BL [3] .With the standard therapy for BL in children, the long-term survival rate is 60-90% [4] .With the high-intensity chemotherapy for BL in adults, the complete remission rate is 75-90%,and the overall survivals rate is 50-70% [3] .
Elastic properties of the cell play an important role in critical cellular functions, including migration, division and shape [5] . Any deviations in the elastic properties of living cells may give rise to diseases and diseases can also result in structural and elastic properties changes in individual living cells [6] . It is found that cell stiffness is closely related to human diseases. There is an apparent difference between normal cells and cancer cells, and the change in cell stiffness has become a new characteristic of cancer cells that affects the way they spread [7] . The links between biomechanics and human diseases have been the subject of considerable scientific research effort for a number of decades [8] . However, only recently it has become possible to probe micro-and nanomechanical properties of cell structures and to study the spatial distribution of mechanical properties of cellular structures within a single cell by the atomic force microscopy (AFM) technique [9] .
The first golden era of cancer drug development was initiated in the 1940s and gave rise to the cytotoxic agents that dominate current cancer medicine [10] , and the second golden era is directed by targeted molecular cancer therapeutics [11] .Biomarker is a crucial part in drug development, which can reduce the attrition of drugs during the clinical phased of development and the overall cost of drug development [12] . By evaluating and sensing changes in tumor cells injected with pharmacological agents, the cell stiffness may serve as a useful novel biomarker [7] for cancer drug development. Additionally, cell stiffness can be used as a complementary method in the early detection, diagnosis and treatment of cancer [6] . So measuring the elasticity of cancer cells has a great significance for cancer drug development and clinical cancer therapy.
The invention of AFM has opened new fields of investigation, because AFM can operate in aqueous solution under physiological conditions [13] , which opens the possibility for studying biological processes in vivo [14] . Due to this excellent advantage, AFM is extensively used in life science [15] . Now AFM is evolving from an imaging technique to a multifunctional toolbox [5] , for example, by using AFM as a nanoindentation technique,AFM can locally measure the elastic properties of materials [16] .With such nanoindentation method, the mechanical properties of various animal cells were measured, including glial cells, platelets, cardiomyocytes, macrophages, endothelial cells, epithelial cells, fibroblasts and osteoblasts [17] [18] [19] [20] [21] .
In this paper, with the use of Dimension 3100 AFM (Veeco Company, USA), the morphology of BL cells was imaged with high resolution ,and the Young's modulus of BL cells was measured in near-physiological environment. Also the optical microscope KH-7700 (HIROX Company, Japan) was used to observe BL cells as a complementary method.
II. PRINCIPLE
The AFM works by scanning, in a raster fashion, a very tiny tip mounted at the end of a flexible microcantilever in gentle touch with the sample [22] , as shown in Fig.1 . While the tip is being scanned in the x,y directions, the interaction force between the tip and the sample is monitored by the deflection of the soft cantilever, which is detected by a laser beam focused on the free end of the cantilever and reflected into a photodiode [23] . The photodiode signal is amplified by the lock-in amplifier and then passed to the feedback circuit. The feedback circuit processes the photodiode signal according to the force setpoint, and then delivers a signal to the piezo, which drives the tip moving up and down. By recording the height data for each point in the x,y plane, the three dimensional morphology image of the sample is created. The AFM tip can be used as an "indenter" to measure the stiffness of the sample by obtaining the so-called force curves, as shown in Fig.2 . The force curve consists in an approachretract cycle between the tip and the sample, during which the cantilever deflection is measured as a function of the relative motion [22] . When obtaining force curves on a stiff sample, the cantilever deflection is equal to the piezotube movement, because there is no deformation on the sample. While obtaining force curves on a soft sample, the cantilever deflection decreased, because the tip indented into the sample [19] .So the force curves reflect the mechanical property of the sample and by analyzing the force curves obtained on cells the stiffness of the cells can be measured. After converting the force curves into the indentation curves, the Hertz model is used to compute the Young's modulus of the sample. 
III. MATERIALS AND METHODS

A. Sample preparation
The BL cells were obtained from the BL Raji cell line and cultured in vitro at 37 ℃ (5%CO 2 ) in RPMI-1640 culture medium containing 10% heat-inactivated fetal bovine serum. The BL cell is a type of suspension cell. So when imaging BL cells in fluid, the prerequisite is tight immobilization of BL cells on a substrate [15] in order to prevent the displacement caused by the probe [20] . There are two methods for cell immobilization, poly-L-lysine and porous polymer membrane [23] . Because of the simple preparation, we use poly-L-lysine to immobilize BL cells onto the glass slide. To prevent the movement of the microvilli on the membrane of the cells, the glutaraldehyde [24] was used to fix BL cells.
The BL cell sample was prepared as follows: Cover the new glass slides with poly-L-lysine solution (0.1mg/ml) and store at room temperature overnight; Add 5ml of BL cell suspension to an eppendorf tube; Centrifuge 5 minutes at the speed of 1000 r/min; Remove the supernatant liquor; Add 5ml of phosphate buffered saline (PBS) to the eppendorf tube; Centrifuge 5 minutes at the speed of 1000 r/min again; Add 5ml of PBS to the tube; Drop the solution to the surface of the glass slide which is functionalized with poly-L-lysine; After 45 minutes, add a few drops of glutaraldehyde solution (0.25%) to the slide; After 30 minutes, put the slide into a petri dish with PBS.
B. AFM measurements
A Dimension 3100 AFM (Veeco) was used in contact mode to image the morphology and measure the Young's modulus of BL cell, as shown in Fig.3a . The triangular cantilever with oxide-sharpened silicon nitride tips (Fig.3b) was obtained from Veeco Company. The curvature radius of the tip is about 10nm.The front angle, back angle and side angle of the tip are all 35 2 ± .The length, width and thickness of cantilever are 115um, 25um and 0.6um, respectively. The force constant is 0.06N/m, and the oscillation frequency in air is 20 KHz. The experiment was performed at room temperature in PBS solution. Further away from the cell center are found that the substrate can exert effects on the cell that make it appear stiffer, so force curves were obtained on the central region of the cell [7] . 
C. Young's modulus calculation
A simple model for describing the elastic response of a sample indented by an AFM tip is the Hertz model. The Hertz model is in the following equation [16] : 
Where α is the half-opening angle of the AFM tip, υ is the Poisson ratio of the sample, δ is the indentation depth, R is the sphere radius, E is the Young's modulus, and F is the applied loading force. The Hertz model has been derived for an infinitely thick soft sample. It also can be applied to thin films as long as the indentations into the sample by the tip is sufficiently small compared with its thickness [19] . According to the rule of Bueckle, the depth of indentation should therefore be no more than 10% of the sample thickness [25] .
IV. RESULTS
The optical images of BL cells by optical microscope KH-7700 (HIROX Company, Japan) were shown in Fig.4 .The cell suspension was dropped onto the silicon substrate and imaged by KH-7700. In Fig.4b , the diameter of BL cell was measured, 18.939um, 15.949um, 15.227um, and 11.324um, respectively. The AFM images of BL cells were shown in Fig.5. In Fig.5 , the scan size is 50.0um×50.0um and the scan rate is 0.996Hz.The height image and deflection image are shown in Fig.5a and Fig.5c respectively.Fig.5b is the line profile of Fig.5a along the labeled white line in Fig.5a . Fig.5d is a local deflection image of the cell. Fig.5e is the 3D surface plot from Fig.5a . The blue line in Fig.5b indicates the cell diameter is about 25um and the cell height is about 2.5um.We can see that the diameter of BL cells was different in optical images and in AFM images. This is because of the poly-L-lysine. When imaging BL cells by optical microscope, the substrate was not functionalized with poly-L-lysine, and so the cell was suspending. While imaging BL cells by AFM, the cell suspension was dropped onto the glass substrate covered by poly-L-lysine, and so the cell was immobilized tightly to the substrate. So we can see that the diameter of BL cells in AFM images is larger than that in optical images.
To prevent damage to the cell surface and to reduce any possible substrate-induced effects [7] , the depth of indentation was by far less than the height of BL cells. One of the force curves is shown in Fig.6a , in which the blue line indicates the approaching portion of the force curve and the red line indicates the retracting portion of the force curve. For analyzing the elastic property of BL cells, the approaching curve was used [21] , and as shown in Fig.6b .The comparison of approaching curves on BL cells and on stiff substrate is shown in Fig.6c , in which the red line indicates the curve on glass substrate and the blue line indicates the curve on BL cells. Then according to the contact point, the approaching curve was converted into the indentation curve (blue line in Fig.6e ). According to Hertz model, the Young's modulus was computed by selecting the values of the points in indentation curve and the histogram of Young's modulus was shown in Fig.6d . When using Hertz model to compute Young's modulus, we found equation (2) is more suitable than equation (1) .So we use equation (2) to compute Young's modulus, and υ is 0.5, and R is 20nm. The spring constant of the cantilever was calibrated by Thermal Tune Adapter (Veeco),as shown in Fig.6f .To obtain the Young's modulus of BL cells from the histogram, the histogram was fitted by Gaussian function. By Gaussian fitting, the mean value ± standard deviation was used to express the Young's modulus, 1.2 ± 0.23MPa, as shown in Fig.6d . Compared our results to those reported for other cells, we note that our Young's modulus value is significantly larger than those values. This is because in our experiment, BL cells were fixed by glutaraldehyde,and this lead to that cells became stiffer. The comparison of experimental curve and theoretical curve was shown in Fig.6e.In Fig.6e , the blue line indicates the experimental curve, and the red line indicates the theoretical curve.The Young's modulus of mammalian cells measured by AFM usually falls in the 1-200kPa range [26] ,10 times smaller than our result. This is because of the influence of the glutaraldehyde which makes the cell becomes stiffer.
V. CONCLUSION
Since its invention, the AFM has been used widely in life sciences due to its particular advantages. Besides obtaining the morphology of the sample,AFM can also measure its mechanical property at cell level. In this paper, in nearphysiological environment, the morphology image of BL cells was obtained with high resolution and the mechanical property of BL cells was measured with the use of AFM. The Young's modulus value of BL cells fixed by glutaraldehyde was about 1MPa.These results may provide new methods for disease diagnosis and personalized treatment. 
